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Abstract: 


An  anti-airco:uft  engagement  Bijnulator  now  being 
used  in  the  A.D.B.  is  described  in  detail  and  its  method  of 
use  explained.  Available  details  are  also  given  of  two 
improved  versions  of  this  simulator  whioh  are  being  made  by 
private  fixios  for  use  in  the  A.D.B.  The  first  of  these  will 
employ  the  same  bcLSio  prinaiplee  as  the  model  now  in  use. 

In  the  seoondj.  however,  the  neoessaiy  measurenents  and  some 
of  the  setti^iw  will  be  done  automat  ioally,  thereby  saving 
a oonslderabll^^unt  of  operator  time. 
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1,  Introduotlon 


In  Btudlea  of  the  effeotlvsnees  of  fraffnantlng  antl-alroraft 
proJsotUea  agalnat  alroraft  targata,  the  deatruotive  pomr  of  the  fragnenta 
from  a projeotlle  ia  matohad  agalnat  the  realatanoe  of  the  alrooraft  cnqponenta 
to  damage,  and  a oalotilatlon  la  made  of  the  probabilltjr  that  the  target  ia 
defeated,  talcing  into  aooount  the  oooblnatlona  of  oomponenta  idiioh  muat  be 
damaged  In  order  to  bring  about  thla  end*  It  la  fundamental  to  thia  work 
that  the  foUoirlng  ahould  he  knoeu  for  any  relative  poaition  of  projeotile 
buret  point  and  targatt 

(a)  thloh  ooiqponenta  of  the  target  are  atruok  by  fTagienta. 

(h)  Honr  many  fragment  atrlkea  are  to  be  ezpeoted  on  any  ocoq>onent  or, 

equally  mil,  idiat  aoUd  angle  doea  the  component  or  that  portiod  of 
the  oonponent  within  the  fragnent  beam  aubtend  at  the  point  of 
buret. 

(o)  At  idiat  dlatanoe  la  the  burst  from  each  of  the  oonponenta  atruok. 

The  aoourate  detennination  of  this  infonnation  by  tbeoretioal  methods 
involves  considerable  oomputation.  Atteaq>ta  have  been  made,  notably  In 
Referenoea  1,  2 and  3,  to  put  forward  methods  of  oalculation  of  weapon  effeo- 
tlveneaa  In  irihloh  the  use  of  approodmatlona  overoomes  the  neoesaity  for 
aoourate  determination  of  the  above  infonnation.  Whereas  these  methods  provide 
a useful  means  of  oaloulation  within  the  limitations  of  the  approximations, 
these  approximations  are  demonstrably  untrue  if  the  linear  dlmensiona  of  the 
oomponenta  and  their  distanoes  from  the  centre  of  tbs  aircraft  are  of  the  same 
order  as  the  burst  distance  of  the  projeotile.  ' Theae  oonditiona  arise  in 
particular  in  asaeaamanta  involving  multl-oomponent  aircraft  arid  the  larger 
oomponenta,  such  as  the  struoture  or  the  fuel  tanks. 

As  the  problem  of  determining  tbe  solid  an^e  subtended  by  such  a 
OQO^nent  of  Irregilar  shape  by  tbeoretioal  meana  is  most  forbidding, 
recourse  has  been  made  to  dirwt  measurement  at  model  soale,  and  an  experimen- 
tal simulator  has  been  bxxLlt  for  thla  purpose.  This  ICarfc  1 simulator  la 
neoesaarily  orude  and  does  not  inoorporate  all  desirable  features,  but  it  has 
none  the  less  operated  for  the  past  eighteen  montha  and  muob  useful  work  has 
been  done.  After  experience  bad  been  gained  in  operation  of  the  Mark  1,  a 
apeolfloatlon  for  a Maxk  2 simulator  was  Issued  and  the  apparatus  is  now 
nearing  completion.  This  simulator  differs  from  the  first  in  that  engineering 
desigi  has  been  inproved  and  aoouraoy  ia  oorrespondingly  greater.  !Two  major 
and  several  minor  modlfloatlons  have  been  made  to  tbe  method  of  operation. 

At  the  same  time  as  the  speolfioation  for  tbe  Mai±  2 was  written,  a research 
oontraot  was  placed  to  investigate  the  use  of  automatlo  methods  in  oonjunotion 
with  aimulatorsi  as  a result  a Mark  3 model,  in  which  operator  time  is  out  to 
a fflinimuB  and  automatlo  recording  of  data  is  enployed,  is  likely  to  be 
available  in  June,  19%* 

The  general  theozy  ooooeming  the  representation  of  the  anti-airaraft 
engagement  at  model  scale  appUes  to  all  versions  of  the  simulator  and  will 
therefore  be  given  before  detailed  descriptions  of  the  various  versions. 
Illustrations  will  however  be  taken  from  the  existing  Mark  1 model  in  order 
that  the  developments  in  design  of  the  later  simulators  will  appear  in  the 
proper  cdiranologioal  order.  The  tnree  Marks  of  a siaralatcr  are  deseribed  in 
detail  in  Appandloas  A,  B and  0 and  an  aooount  of  some  of  the  work  done  to 
date  is  given  in  Seferenoea  4 and  6. 
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2.  Creneaal  Descglptlon  of  the  Stoulatcr 

2.1  Tha  Blmulator  oonsijttBt  in  aasenos,  of  an  optloal  Bouroe  ufaloh  emits 

light  to  repreaent  the  beam'  of  ftni0Dsnte  from  a bunting  proJeotUe, 
and  a model  target  aircraft  in  irtiloh  the  varlo\ui  ocnponenta  Ttilxierable  to 
fragnenta  are  ahcnm.  The  parta  of  the  target  atruok  b7  fragaenta  are  taken 
to  be  thoae  whioh  are  lUuninated  by  the  lliht  aouroe.  The  teiu  "Anagnent* 
la  uaad  hare  in  Ita  eldeat  aexiae  and  indudea  aqy  type  of  inert  fttignant,  or 
any  aub-^roJeotUe  apeolaldy  dealgned  to  attack  partioular  oomponenta  of  the 
target. 


In  order  to  define  the  relatl've  poaltlcn  of  the  point  of  burat  mith 
reapeot  to  the  oentre  point  of  the  target  (defined  aa  a point  on  the  ada  Of 
the  fuaelage  aeleoted  aa  convenient)  a coordinate  arateo  is  used  eltb  the 
oentre  point  of  the  target  aa  origin. 

In  the  Hark  1 almulatcr  a Cartealan  ayatem  la  engtloyaa^  elth  the  z 
and  a azea  horiaontal  and  the  y axla  vertioal)  the  relatl've  poaitlon  of  the 
mlasile  birat  to  the  target  la  aet  tip  by  moving  the  target  In  the  z and  a 
dlreotlons  and  the  light  aouroe  in  the  y direotion.  i oyllndrloal  polar 
qyetan  la  en()loyed  In  the  Mark  Z and  la  envisaged  for  the  Mark  3 airnnlator, 
in  order  that  oylindrloal  polar  ooordinatea  of  burat  pointa  obtained  In  tlie 
I.D.B.  fuse  burst  pattern  almulatoi*  may  be  tranaferred  althout  oonvaraion. 

The  a axla  In  thla  eyaten  is  vertloal  In  both  the  Mark  2 and  the  Mark  3 no^la. 

The  a azia  ia  taken  to  represent  a fixed  direotion  In  the  engage- 
ment under  oonBlderatlon«  aa  oonvenient  to  the  work  In  hand.  The  ohoioe  of 
this  fixed  direotion  has  in  the  past  rested  between  the  direotion  of  the  relar 
tlve  velocity  between  mlasile  and  target  and  that  of  the  central  trajeotory 
(the  line  throu^  the  target  oentre  parallel  to  the  oourae  of  the  missile)  • 

It  la  esaential  that  the  target  oourae  be  shown  In  its  ooxreot 
orientation  with  reapeot  to  the  a axLaj  the  details  of  thla  setting  and  tits 
desoilptlon  of  the  lyatem  of  coordinates  , of  angles^  and  of  their  relation 
to  other  sf  atema  In  ocnman  uae>  ia  given  in  paragraph  3> 

Model  alrcBwdTt  are  used  each  oonaiating  of  a wire  frweewurk  Into 
idiloh  are  fitted  models  of  the  vulnerable  oomponenta  and  of  thoae  portions 
of  the  target  likely  to  shield  tbaae  oomponenta.  In  certain  oaseSf  when  the 
oon^lete  structure  of  the  target  is  regarded  aa  vulnerable,  solid  modela  are 
used.  The  detailed  oonstruotlon  of  the  airoraft  varlea  in  the  three  almi^ 
lators  and  is  described  in  later  paragraphs. 

The  majority  of  fragnenta  from  a bursting  projeotils  are  thrown  out 
in  a VDlune  encdoaed  by  the  surfaoes  of  two  oonea,  the  oomnon  azla  of  the 
cones  being  the  axis  of  the  mlsaile.  It  la  the  function  of  the  optioal  head 
to  simulate  this  beam  of  fragaenta  by  light  emitted  from  a point  aouroe, 
bounded  in  such  a way  aa  to  give  the  oorreot  bean  width  and  orientation.  Mor 
simplioity  of  operation  at  the  outset,  the  assunption  is  usually  made  that  the 
denaity  of  fragnenta  within  the  beam  is  ocmatant.  However,  in  partioular 
oaaes  a vazyiiig  density  can  be  Introduoed  into  any  problem  by  splitting  19  the 
beam  into  amall  elements,  to  be  considered  aeparat^,  such  that  the  density 
over  anyone  element  nmy  considered  uniform. 

The  optloal  head  can  be  set  19  to  abow  either  the  beai  of  fraipanta 
from  a static  missile  or  tbs  "djnsmla"  beam  frvm  the  ndasile  in  flight. 

Since  the  fragnmita  from  the  ndaBlle  take  a finite  time  to  reaoih  the  target, 
and  since  in  that  time  the  target  movea  along  its  direotion  of  a 

fragnent  idiloh  hits  a oomponant  doea  not  travel  along  the  line  Joining  the 
burst  point  and  the  position  of  the  ooeqponent  at  the  time  of  burst.  It 
travels  instead,  along  a line  irtioae  direotion  depends  i^n  the  ratio  of  the 
fragnent  velooity  to  the  target  speed.  Target  travel  must  therefore  be 
allowed  for  in  determining  the  oomponenta  of  the  airoraft  whioh  are  atruok 
by  fte^antst  this  ia  dons  by  aettlng  the  "dynwio"  beam  on  the  optloal  bead 
and  moving  the  target  along  ita  direotion  of  flight  by  an  appropriate  anotnit. 
This  operation  and  two  alternative,  but  lesa  favoured,  imtboda  of  simulating 

* See  A.D.B.  T.T.  fuse  Teohnloal  Mote  Mo.  32. 
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the  •ftaat  of  taz^t  t»Tal  during  ft'ajpaent  m daaaorlbad  la  dbtail 

later  la  the  text  (perm  4>2)« 

Vhea  ell  adjuatnsnta  ha've  been  nada,  the  lafoxnatioa  required  aa 
liated  in  para  1 magr  be' obtained  by  dlreet  aeaauraaMnt. 


3<  DeaoriptloB  of  the  Coordinate  gyataaw  Uaed 

3.1  Poeition  of  buret  relatiTa  to  thetarget  eantre 

The  foUoalng  qyatem  of  rectangular  OartaalaB  noordlaatea  ia  uaed  in 
the  Mark  1 alnulator  to  define  the  hurat  poaltlon  of  the  adaalla,  relatlTa  to 
the  target! 

Origin!  the  target  oentre,  l.e«  a.  point  oi  the  ftuelaga  aada  idhitaaR 
azbitrudly  aa  oonvenient 


a axis!  a ooneenlent  fined  dlreotlon  in  the  mgagnant  under  oonaLderatlcn. 
Ihla  ia  uaually  taken  to  be  either  the  dlreotlcn  of  the  relatlTB 
Telocity  of  ml  Halle  and  target  or  the  oentral  traJeotozXi 
Theae  direotlona  are,  of  oourae,  the  name  In  the  aaae  of  direct 
ahead  or  aatem  attaoka*  The  a aada  ia  hoEdaorrtal  in  the  Mark  1 
almilator. 

y aidei  a line  perpendicular  to  the  a azla,  and  Tertloal  In  the  Mazlc  1 
eloulatcr. 

X axial  the  line  perpendicular  to  the  tee  axea  defined  abore,  and  elth 
the  poaitiTe  dlzection  appropriate  to  a rlghb*handed,  Mjratoa  of 
axea.  It  la  horiaontal  in  the  alxulator. 

Par  the  Mazk  2 alanilatar,  cylindrical  polar  ooordlnatea  baTe  been 
choaen  in  order  that  burat  poaltlona  nay  be  tranaferred  dlreot  from  the  A.D.B. 
fUaa  buret  pattern  alnulator,  aa  foUoimi 

a axial  aa  in  the  Mark  1 Oartealan  ayaten.  The  a axla  la  Tertloal  In 
the  Mark  2 alnulator. 

r and  ^ In  the  plane  parpendioular  to  the  a axla. 

The  aeme  oorlindrical  polar  ayaten  la  enviaaged  for  the  Maz^  3 
alnulator.  The  oonTeralon  from  the  Cartealan  to  the  poler  gjraten  ia  din- 
ouaaed  In  para  3.4. 

3.2  Orientation  of  the  Target  Oburae 

Xh  addition  to  the  relatlw  poaltlona  of  target  and  niaalle  it  ia 
alao  neoeaaezy  to  alaolate  the  orientation  of  the  target  courae  with  raapeot 
to  the  line  taken  aa  the  a azle^  and  the  glTan  data  will  in  general  include 
the  following  itenai 

(a)  The  welooity  0,  of  the  target  (which  ia  aaaiaaed  at  preaent  to  be 

flying  a atraight  and  leral  oourae)  • 

(b)  The  niaalla  reloaLty,  T. 

(o)  Tee  of  the  following  three  anglea  (aea  Pig.  l)i 

p ■ the  oourae  angle,  l.e.  the  en{^  bet  wean  the  target  oourae  and 
the  projection  of  the  oentral  trajeotozy  in  the  plane  of  the  wlziga 
(ingle  lOQ  in  Pig.  l), 

0 ■ angle  between  oentzwl  trajeotozr  and  Ita  projeotion  in  the 
plane  of  the  winga  (ingle  QOO  In  Pig.  l) , 
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n ■ an^«  b«t«a«i  tba  antral  trajoototT  nfl  the  targat  ooune 
(Angla  too  la  n«.  3). 

Aqr  tn  of  than  an^M  tof/rtimr  Aallne  tha  diraotlon  of  the  omtral 
trajoatoiT,  nd  are  ooniartad  tgr  tha  foUoalag  aqnatioai 

ooB  P ooa  O.a  oov  q. 

7m  tha  abofva  data  It  la  poaailila  to  oaloalata  tba  magnltada,  Vp, 
of  tha  ralatlTa  raloolty  of  addsUa  aad  tao^gat,  and  Ita  diraotlon^  daflned 
tgr  aaif^B  k,  0,  aarxaapandlBg  to  P,  d aad  q raapaotlialT’  (oea  Tig.  2) . 
nw  iLia  throng  tha  targat  antra,  pardllal  to  tha  rolatin  valoaltT’,  la 
Bubaaquantlgr  rafdnad  to  aa  tha  Tp  liaa. 

Bialng  a raotangvlar  Oartaalaa  Mfttma  of  oooordlnataa  oCa,  h,  o)  idth 
arlgla  0 at  tha  targat  oaatn,  Qa  alooig  tlaa  targat  oouroa  and  Oo  parpandliWlar 
to  tha  plane  of  tha  alaga  (naa  Kg.  3),  vlth  pnit  raatan  4 and  Jj|  alooig  Qa, 

Ob  and  Oo  raapaatlTal7i 

forgot  TBlbol^  * ^ * 

Taloodtr  ■ ^ ooa  d °o*  P 4 ^ ^ ^ 4 ^ eln  d ]c  , 

thoraftora  ralatlaa  Talooltj  • '^BeT  oo*  d)oo*  P)  JfV  oo*  9 ala  P Jl  + T 9 Jc  , 
alao^rolatlaa  Taloolty  m oqc  A ooa  B ooa  A Bin  B 4 Tp  oln  A 1^ 
oo  that  Tp  at  (V*  a 1*  a 207  ooa  P qqb  ^ (l) 

Again,  equating  notor  aoefflaianta  la  tha  tn  azpresslonB  for 
ralatlre  Tiloailgr,  «a  aoa  that 

Tp  ooa  A ooa  B s V a T oo*  d ooa  P, 

Tp  ooa  A oln  B s T ooa  d oln  P, 
nd  Tp  ala  A s T oln  d. 

«“».  alnA-i^  -(pi^T«aZl/o!?P®ooad5i»  (2) 

nd  tan  B»  u *v  am  ^ ' 

vhlla  fraa  Kg.  2 oe  note  that  ooa  0 « ooa  A ooa  B. 

It  la  alao  naoeaaaz7  to  know  tha  angla  y batman  tha  Tp  Una  and  tha 
antral  traJaatcxT.  Tron  the  trlonc^  of  ▼elooltlaa  la  tba  oonncn  faloolty 
plane  aa  ooa  that  thia  la  given  bT  the  aquatlra 

.lay.  TLriflLa. 


the  Optical  Head  and  Ita  Tliea 

It  la  the  purpooa  of  tha  optioal  bead  to  aliaulata  tha  projaotlon  of 
ftaffwnta  fltn  a huratl^  projaotlle.  Iha  oonotrwticn  of  tha  head  In  tha 
Marka  1 aad  2 olnilataara  ia  in  prlnolpla,  but  that  la  tha  Mark  3 1* 

mdlooUT'  dlffonnt.  Iha  baalo  thooiT  glrn  balcnr  appllaa^  henrarar,  to  all 

■odala. 
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4*1  .fmgwnt'ati  cb 

ftaa  Mijority  of  tl»  fPMPUBtai  trm  m oaylftfltng  al—iTo  art  prvjwftaA 
at  hlfh  TtlooUgr  idttia  tba  ^paaa  oeBtalaa*  Igr  tha  mtrfama  af  tao  ooaaa,  lAoa* 
ooBBB  azla  ia  tka  aada  of  tha  aiaaUa»  fl^rwsr  bt  oaaaiteFad  mm  «n“nr**ng 
fzta  a paUit  aaraa  at  tl«  oartnt  af  tka  ataidlia.>  tha  aad^aglta  of  tha  aooaa 
baiag  dafiaad  aa  tka  baai  lialta  (At  «at  A,  jgti  Vag*  fha  t|liwa  of  thaaa 
ka«i  Uaita  teaia  on  tba  Mipdtaiaa  aa&  Uxoatlam  of  tba  initial  frafaant 
Tolaoitiaa  IL  (attb  raapaet  tajte  adagdla),  ant  tka  alaaila  raiaining  Toloaltir 
at  tba  &atnt  of  datoaatiaB  (A)«  % ty^^  tf  ft-ajMiiit  ban  rntf  ba  omaiaaradt 

(a)  oltk  tba  niaaila  at  raat.  tba  frafnaiita  ara  prbjaotad  aitb  ralooity' 

T|^  (iddak  varlaa  alng  tba  Ingth.  of  tba  alaaila)  nlatiaa  to  it. 
Baeaaaa  of  tba  iatonuil  tapar  of  tba  oarltT'  of  tiui  aiaaila»  and  tba 
fact  that  tba  alaaila  ia  of  flaita  laigtb,  tba  ftagMata  an  di»* 
trikatad  ia  a ban  about  jtba  jOam  ttetiagb  tba  aiai^la  oiotra  and 
paarpaadioolar  to  ita  aarla.  Tbia  ia  baan  aa  tba  *8tatio  laanF. 

(k)  Ibn  tba  ia  nriag  at  vnalnlin  nloaitiy’  ^ tba  frannata 

na  pzolaatad  uitk  ubLaolly  ^ btmea  ^ ♦ l)  ndatiTa  to 
find  apaaa*  IbU  dinota  In  ban  fmanaV  n namt  mob 
dnnda  n tka  uniatim  of  Tm  alng  tka  aiaalla*  fbn  tka  bon 
ia  not  MamaaarOjr  of  tba  ana  oidkb  aa  nn  tba  alaaila  ia  at  raat, 

6^  and  6,  botb  batag  nbillar.  ndn  ia  lawn  aa  tbo  'IpaBBib  Ban' 
and  fig.  4 ia  aat  illaatratln  of  a notin  tbrougb  it. 

fka  aiaaila  ng  ba  daalgnad  In  gin  fragaanta  of  taaa  or  othar  of 

tn  typnt 

(a)  Brajawita  tram  a *aatnral^  finagnantipg  ■iaalla  or  nail,  mob 

nzT  ia  abn*  and  naa  error  a ocaaldarabla  ranga*.  fba  wan  dio> 
tribtttlon  aaj  ba  dotanaiiiad  apiraaintaly  fim  tba  aquatian 

Pi  a oap(-a^^Ao)* 

obaro  P^  > tka  propqrtiaR  of  tba  total  nadMr  of  feagnita  of  naaa 

Xq  a tho  'fragaaotatlaii  paranataK'',  ohiah  ia  datemaiaBd  bP  tka  atlaaila 
gaooatxy,  tba  ataal  nd  aaqiiloain  of  tka  oiBaila  (Baf.  5).  I9ia  fWgiontn 
TBX7  ia  roloaltT  aal  danaity  of  dlatxibutioa  aaroaa  tba  baaab 

(b)  'Cbatnllad'  ftra^mta,  mn  ara  of  unlftaa  aaas  and  diapo,  aad 

Bonully  ara  awra  talfainly  diotributod  aorosa  tba  bao^  tka 
tragmttb  rolooilgr  nrloa  along  tbo  langth  but  than 

Tariationa  ara  not  uaually  larga. 

411  oonoidaraticma  of  tba  anbar  or  tjpo  of  flrajwuta  aro  left  to 
a lata  atoga  of  the  oaloUUtlpna.  and  the  optio^  taoad  ia  ooaoarnad  oalx 
with  ainlatiai  of  Ibo  dirootion  of  tfamr  of  tha  firagaanto. 

4.2  ■ tamt  Motiaa 

Xa  tba  tin  duriag  rdilcdi  tba  fran>ot  tracrala  to  tbo  target,  tka 
taxgat  aoraa  along  ita  ooum.  Xka  diatanoa  it  noroa  ia  a funotiqn  of  ita 
rolooltj'  (O),  tha  ft*agmt  Wtooily  (1^),  and  tba  ralatin  poaliiona  at  tba 
targrt  and  aiaaila  at  Ilia  naant  tbo  lattar  ia  datonatad.  4 oonplioation. 
ariaaa  banan  tba  firagnnt  Tolooitjr  io-not  ooaataat,  alaoa  lha  fraglant 
auffara  ratardatin  dua  to  air.raaijbncia. 

Pig.  4 nagr  ba  nodifiod  to  allcar  for  thia  bf  aaiothar  notorial 
.a.i'Hitww  to  ttw  ftogant  nlooitim,  Wiab  amt  nrx  as  tba  diatanoa  fm 
tho  iaaraaooo.  Zbo  remit  ia  tba  oiarrod  ban  of  tha  tjrp*  dun  iu 

fig.  6 for  a target  paaaing  diraotly  orarhaad.  Ska  graphioal  probln  ia 
■ore  oo^lioatad  if  tka  ninila  oouras  aad  target  oouraa  ara  akaw  liaaai 
tka  ban  ia  not  uynatTloal  about  argr  atandnd  rafaranoa  liaa. 
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Tha  affect  of  target  notloD  during  fragment  fLlght  nuqr  be  rapraaaa- 
ted  b|f  one  of  ttaree  nathodal 

(a)  bgr  aetttng  the  dlatorted  fragggeat  bean  (Vig*  6)  on  the  optloal  taaad. 

It  la  of  oourae  not  poaalhla  to  elonlata  tha  ourred  Ujoalte  of  this 
bean  and  tha  Tarlatln  of  tha  fraffoent  TeloodbT  with  dlitanoe  dna 
to  retardation  In  air  nuat  be  nai^oted*  Tha  fragnent  'veloalt^ 
ohoaen  oan  howrwr,  be  taken  an  a naan  value  oonaletent  alth  naan 
point  along  tha  fragaant  path.  The  point  ohoaen  dapanda  i^on  the 
oondltlona  of  the  angagoDent  afaloh  in  baieg  oonaldaredj  and  tha 
ahot  dlatrihutlon  la  a ralaTant  factor.  The  Tarlation  of  frapiaiit 
Initial  Taloolty  onrar  the  length  of  the  nlealla  alao  oongUoataa  ve 
oholoa  but  aa  a general  rule,  the  veloolty  ohoaen  ahould  he  a mlghted 
mean  taking  Into  aooount  the  mnibar  of  effeetlva  fragaantn  from  eaeii 
of  nany  aeotlona  of  the  ndeella  avallahla  at  the  ohoaen  dlatanoa 
Aroai  the  point  of  burnt. 

(b)  ' hr  Batting  tha  drnemla  bean  on  the  optloal  head*  Target  motion  In 

then  taken  Into  aooount  hT  moving  the  modal  aircraft  along  Ita  exla 
bgr  aa  amoimt  vhioh  la  deterailned  far  nuaceeHlva  approzlmatloiui^  and 
idiicb  varlea  alth  each  oonponant  ooneldarod. 

( o)  hr  netting  the  ntatlo  bean  on  the  optloal  head  and  moving  tixe  modal 
target  far  »>  appropriate  amount  In  the  dlreotion  of  tha  ralatlvm 
valooltr  of  nlaalle  and  target. 

In  praotloa  the  aaoond  of  thaae  metboda  haa  been  found  to  ba  tha 
moat  oonvenlent  and  haa  been  genarally  adopted,  even  though  a nail  ai*rur 
ariaea  due  to  the  faot  that  tha  dlreotion  along  iddoh  the  aoUd  angle  le 
aaeaured  le  the  eotual  dlreotion  of  flight  of  tha  fTegaent  racthar  than  tha 
dlraotlon  relative  to  tha  target. 

The  first  method  haa  bean  rejected  beoauea  of  the  approzlnatlon 
Involved  In  the  eatlnatlon  of  a mean  fragamat  valooity  and  beoauae  of  the 
oaeplloatad  nature  of  tha  design  of  an  optloal  head  to  give  tha  dlatorted 
fragnant  ben.  Tha  third  method  la  undaair^le  owing  to  tha  large  dlatanoea 
at  model  aoele  through  idiloh  It  would  he  neonBaaiy  to  move  the  target. 

It  le  enphaalaad  at  tbie  atage  that,  whlohevar  method  be  uaed, 
target  travel  muat  ba  allowed  for  before  the  record  of  thoee  ocoponenta 
iUunlnated  far  the  light  beam  la  taken  and  their  dlatanoea  ftxm  tha  point  of 
burst  are  meaaured. 


3.  Solid  Meeaureawnta 


The  phreioal  oonoapt  of  the  area  praaentad  to  the  frageanta  of  a 
ben  br  the  vulnerable  oanponenta  of  an  airaeft  la  ooag>lioated  bgr  the  fkot 
that  tha  firagmenta  emanate  fbom  tha  burst  point  in  manu'  dlraotiona,  and 
there  la  no  niqfua  plena  pegrpandiouler  to  ell  diraotlane  of  ftecpant  prajeo* 
tlon.  Tor  thla  reason  the  use  of  aoUd  angle  le  preferred  to  that 
presented  area. 

The  part  of  a vulnarahle  oomponent  ebloh  Ilea  within  the  been  of 
finagnnta  la  indimted  by  tha  part  of  tha  oonponeeit  In  the  model  tax^t  . 
eliloh  la  lUuelnated  by  tha  Ui^  beae^  idwn  tha  target  la  In  tha  position 
reaflhsd  eban  the  oonponant  la  stru^  Tha  ratio  hateean  tha  solid  an|^ 
Bubtandad  ty  the  iUnelnatad  area  and  the  mild  angle  oontainad  by  the 
oo^^lete  ben  gives  tha  proportion  of  the  total  nueber  of  frapnnta  whioh 
ngr  be  eapaobed  to  bit  the  oonponant  under  oeneideratlon,  aaeinrtiig  tha 
finagant  daneily  to  ba  unlfom  over  the  ben  widtlu 

la  the  Hark  1 and  Hark  2 aiaRdntora  the  noUd  angle  eodbtandad  br 
the  lUiniaitted  perte  of  te  target  le  aaaaaeed  Igr  aaaeurannt  of  the  area 


of  ikodcor  out  If  tlM  tarfot  «n  o oaanoi  of  i«t  of  pmono*  Ihaoe  ■la.’ooiip 
aidah  oro  tlM  Hark  1 ■oOtl  axtf  t—lpphorl  nol  jla  tho  Maxk  2 aro  oall- 

kratsd  la  oaonmiaol  lodta  of  aelid  anglo,  tlia  total  oolld  angla  ooDoamaA 
balag  aaaoHroA  ter  aountlag  tho  mabor  of  wlta  i2dah  aro  oovorod  lir  Ite  ahodiar* 

ioooo—t  of  slid  angla  is  aatnaotio  la  tho  Mark  } alanilctor  and  is 
addatad  tgr  projaatlai  a beam  of  U|^  to  aomor  aaoh  of  a anadtor  of  onall  aroaa 
of  tba  aartteoo  of  a 'ivh«o  la  tuRt^  aaeh  area  raga?a— Ml  a aait  of  aoiUd 
aadia*  A oaaaMag  davloo  rooorda  the  moiior  of  oosoo  la  Md«h  the  taxigot 
■odol  bbstraoto  aal  rofloota  the  li|^  bon  aad  this  raoord  la  than  ouuwtad 
into  a aoUd  aaglo  xaadlng. 


6,  The  Paa  of  the  Bata  ftnon  tba  Btoalotor 

Xba  data  obtalaad  fzot  the  aiadator  oanlat  of  tho  knowladco  of 
ddeh  CBi^aMBta  art  aprayad  ty  tba  fkmgmnt  beam,  tbs  diatanaoa  of  tltaoa 
oavapaaBta  fiw  tha  bnrat  point  ataaa  thay  era  hit  aad  tha  solid  angla  autr 
taodod  by  tham  at  tha  point  of  burst*  Iha  raoaiadar  of  tha  oaloulatlan  of 
tha  lattadllgr  of  a aaapoa  la  a thaoratloal  oparatioiu 

Prom  a ImoaLadgo  of  tha  mass.  Initial  soloolty  and  xatardatlon  of 
tha  frapHot  and  the  salnerablUty  of  tha  ocoponent,  graphs  can  ha  ptaparofl 
to  dMs  tha  Btadhar  of  fkagaants  fren  a alaalla  of faotl-va  against  a ooa^csiaDty^ 
plotted  against  distanoo. 

Zha  tan  'moBbar  of  affaotiva  fkagaiants*  ia  deflnod  as  tha  prodnot 
of  tha  nwbar  of  fragaants  fttua  tho  mlssila  nd  tha  probability  that  a hit 
ty  any  one  of  thoos  fragaants  sill  oauaa  damag*  of  tha  ragtljrad  kindr 

If  n(d)  bo  tha  anaher  of  fragnanta  affoatlra  in  daonaging  a oonpo-* 
nant  at  dlstaooe  d,  and  if  theaa  fkagBaots  be  distributed  unLfarmly  osar  the 
finagaant  bean,  than  tha  prohablU^  of  at  laaat  one  effeotlsa  hit  on  the 
oj^wsiaut  la  gtran  by 

p - 1-aip 

share  w la  tbs  aolid  angle  sidrtendad  at  tba  point  of  burst  hy  the  part  of 
the  ‘■i^iff****  slthin  tba  fragBant  bean^  and  (7  la  tha  total  solid  angle  over 
shloh  all  tha  Ikagsmits  are  Opraad.  It  ia  assumad  that  ia  small  and 
that  fl(d}w^  Tsaialna  finite. 

dy  thia  oothod.  It  is  possible  to  csloulata  tha  probability  of 
daaMglBg  a ooogonant  of  the  target  for  aiy  point  of  burst  y,  jO*  this 
probability  being  aaro  if  tha  oooponant  ia  shoUy  outaida  tba  baaa  of  fTag* 


Zha  pRdwbility  of  dafoating  a singly  Tulnerahia  aironft  from  a 
bsrat  at  (x^  j,  s)  oan  ha  ohtalnad  by  oonaldaitlng  tha  surrlsal  pnobabUltlea 
ef  aaiok  of  tho  oaagonanta  nd  may  he  srlttan 

p(x,  y,  lO  1 - (3^)(1-P»)  .......  (3^ 

Miara  p^y  Pa  ....  are  tha  kill  probafailltlaa  on  the  n oomponents  from  a 
bunt  at  thin  point* 

Zha  probability  (P)  that  tha  airoraft  ia  dafaatad  by  a singla  shot 
la  glsan  by 

^ ■ Iff  ffVl  ^ » 

all 


«ta«n  pf  !■  tha  probability  dlatributlon  of  fire  oontrol  ezron  lAiob 

datoialoaB  the  probability  that  the  pgnojaotlla  pasaaa  throui^ 
the  alaamt  dx  ty  da* 

p^  la  the  probability  that  a Blaalle  la  the  alaMiit  of  apaoa  dz  ty  da 
ahoold  buret  thaaa^  and  dapanda  on  the  fuae  buret  pattern* 

Pj^  la  the  probability  of  dafbatlng  the  alromft  fTen  a buret  la 
dx  djr  da«  oaoputad  fTon  the  alanlator  data* 

tt  ebottld  be  noted  that«  la  oo^utlag  the  probability  of  defeating 
a target  b|f  a alntle  ahot,  ,tbe  fUnotlon  Pi  la  the  above  triple  Intagral  moat 
repraaant  tba  probability  that  tha  la  defeated  bgr  a burnt 

la  tha  alaaeat  da  df  da*  liar  a aultlpty  Tulaarable  alromft  thla  funotlon 
aoMt  taka  aooowt  of  the  niadMaw  of  ocmpmenta  In  each  of  tha  aata  of  ooDptr* 
anata  iblnh  anat  be  doaaged  la  order  to  deteat  the  targat«  and  of  a aiaaMtlan* 
to  that  ebonre,  oear  tba  mrloua  oHaaaea  of  ooapoaiinta  In  tha  alromft. 

She  oalonlatlflB  of  the  probability  of  deteatlng  Ihe  target  eith  a 
aarlaa  of  dtota  la  aore  ooBgi1.tBatad»  and  InrolTea  aooundntlon  of  danafla 
ta.aatara  of  the  olaaoea  of  ooagionenta  during  the  engageaent.  in  eiemple 
af  aadi  a oaloulatlony  larblTlng  the  uae  of  the  Mark  1 alBul%tar,  la  given 
la  Beftrenoe  6,  ‘ 
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mMDZZ  A. 


peagriptlon  of  tha  Marie  1 Simulatar 


This  ■imulator  is  at  present  In  operation  at  the  1.0.1.  7ort  Halstead. 
1 dlagr«(anatio  sketob  ia  given  in  Tig.  7.  It  enqploys  a Cartesisn  system  oF 
ooordinates,  the  z and  a axes  being  hortsantal  and  the  y azia  vertloal.  The 
simulator  is  arranged  so  that  the  optioal  head  moves  in  the  direntlon  of  the 
y azia  oniy,  shile  the  target  aasaohly  moves  in  the  z and  z dlreotlona 

lig.  8 shoes  the  details  of  the  ontloal  head  originally  planned  for 
this  simulator.  The  light  souroe,  at  B,  is  as  near  a point  aouroe  as  can  be 
obtained  oonaarolally.  The  light  is  confined  to  a oonioal  ben  by  the  edges 
of  a dlao  and  cylinder,  as  shosn  In  the  figure,  and  this  beam  is  initially 
(Onsaatrloal  about  their  ouamun  axis.  The  diao  and  oyllnder  sn  fixed  relative 
to  the  11^  aouroe  in  the  z and  y direotions  and  move  in  the  a direotloo, 
governing  in  this  movement  the  bean  limits,  6^  and  8s  efaloh  are  set  directly 
from  a graduated  aoale.  The  light  aaanbly  is  pivoted  about  an  azls  S* 
throuf^  the  aouroe  parallel  to  the  z axis.  This  movement  is  to  allcnr  for 
tbs  setting  of  the  angle  batmeen  the  Tnisslle  oourse  and  the  s axis,  and  its 
ma0iltuds  ( S)  depends  on  the  line  that  this  axia  representat  e.g.  if  the 
a axis  represents  the  relative  velocity  line,  than  Z » Y»  Ihe  assembly  is 
rotatable  about  the  axis  (u*)  in  order  to  bring  the  setting  £ into  the 
oomson  valooity  plane. 

An  additional  setting  is  neoessary  if  the  distorted  fragment  beam 
(allowing  for  target  travel)  is  required,  this  being  a movement  of  the  lij^ 
aouroe  within  its  housing  in  the  oomnon  velocity  plane  parallel  to  the  target 
ooune.  To  simplliy  oonatruortlon,  provision  for  this  last  setting  and  for 
rotation  about  the  axis  BB*  vms  not  made  in  the  optical  head  finally  produced, 
for  angl»-off  attaoks  this  leads  to  the  choice  of  the  central  trajectory  as 
a axis  slnoe,  with  this  oholoe,  allowenoe  for  target  travel  is  most  easily 
mads.  This  omission  will  be  made  good  in  the  Harks  2 and  3 simulators  now 
being  produced. 

Two  types  of  target  are  being  used  at  present.  They  are:" 

(a)  A solid  wooden  model.  This  type  is  used  in  problems  Involving  the 

atznxture  of  the  airoraft. 

(b)  A skeleton  model.  This  is  a bare  skeleton  of  the  airoraft  struo- 

ture,  made  of  wire,  with  the  oemponents  fitted  into  it  in  aoUd 

fozv. 

Tbs  target  is  moved  along  a guide  rail  parallel  to  its  axis  to 
allow  target  travel  during  frmgmat  flight  to  be  simulated.  As  this  apparatus 
does  not  allow  a oloae  approach  of  the  target  to  the  li^t  assembly,  the  rail 
ia  omitted  idMOWVsr  possible.  When  a head-cn  or  tall-on  attack  is  oonsldered, 
the  motion  of  the  target  is  along  the  s axis,  and  say  be  allowed  for  by  using 
the  existing  movement  in  this  direotion,  or  by  setting  up  the  optioal  head  to 
simulate  the  relative  tngfonA  bsem. 


As  a preliminazy  to  the  workii:g  of  a pn^em  the  target  must  be  set 
in  its  oorreot  position  and  oriezttation  with  respect  to  the  optioal  head. 

The  system  for  setting  oan  be  foUewed  on  Kg.  7* 

The  target  la  mouited  throu^  its  centre  0 on  a vertioal  bar  Of  about 
whidi  it  is  ftwe  to  turn  in  a plane  perpenoloular  to  the  bar.  The  bar  ia 
itself  mounted  on  a right-angled  ana  IMP,  in  which  MR  is  horiaontal,  and  HP 
initially  vertioal,  and  the  ana  oan  be  rotated  about  a borisontal  axis  FQ, 
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lersl  with  0«  1 aeoond  light -angled  arm  QBS  (QR  vertical  and  SS  harlsontal) 

Bupporta  the  first,  and  tne  wnoXe  structure  turns  shout  a vertical  aods  SI 
directly  belmr  OU. 

Ihe  point  I can  be  rtoved  along  a horisontal  bar  parallel  to  the 
B axis,  and  variation  of  the  z ooordinate  can  be  achieved  by  lateral  movement 
of  the  bar  itself  in  the  z direction. 

The  y ooordinate  is  fized  by  vertical  movement  of  the  light  source 
along  a bar  parallel  to  the  y azis. 

In  the  present  set-i^  of  the  aimulator,  the  aim  QRS  is  fized  so  that 
SB  is  parallel  to  the  z azis  and  hence  OPQ  is  the  z azis.  Only  two  of  the 
possible  three  angular  displacements  of  the  target  will  therefore  be  allcnndt 

(i)  rotation  about  df  i.e.  about  the  y azis,  to  adjust  angle  5 if  the 
Vp  line  is  chosen  as  the  s azis  or  p if  the  central  trajeotoiy  is 
c£osen« 

(ii)  rotation  about  OFQ  i.e.  about  the  z azis,  to  adjust  angle  A if  the 
To  line  is  chosen  as  the  z azis  or  6 if  the  central  trajectory  is 

onosen. 

The  target  is  in  the  sero  position  vdien  the  z and  b readings  on  their 
respective  scales  are  sero  and  the  target  is  horisontal  and  pointing  in  the 
positive  s direction  I.e.  towards  the  11^  source. 

Three  possible  types  of  engagement  will  be  considered  separatelyt 

(i)  Head-on  attadc. 

(li)  Direct  approacher, 

(ill)  Crossing  target. 

The  methods  for  setting  up  the  target  will  be  considered  separately 
and  described  in  detail  for  the  case  in  which  the  line  is  chosen  as  the 
s azis.  If  the  oentreil  trajectory  is  chosen  as  the  z axis  the  procedure  is 
similar  - the  only  variations  being  the  magnitudes  of  the  angular  rotations. 

(a)  Head-on  attack 

In  this  type  of  engagement  the  relative  veloci'^  line  is  also  the 
central  trajectory  and  in  line  with  the  target  course.  Hence  the 
angles  A,  B and  C are  all  sero  and  the  only  variable  parameters  are 
the  coordinates  (z,  y,  s)  of  the  burst  position. 

The  coordinates  z end  s are  fized  by  movement  of  the  base  point  I a 
ooiresponding  distance  from  the  sero  position  in  each  direction. 

The  movonents  take  place  in  the  negative  z and  z directions  as  it 
is  the  target,  and  hence  the  origin,  which  is  being  moved. 

Movement  of  the  light  source  an  appropriate  distance  y in  the  posi- 
tive direction  adjusts  the  third  ooordinate.  The  ll^t  source 
then  has  coordinates  z,  y,  s relative  to  the  target  centre. 

(b)  Direct  approacher 

For  the  direct  approaching  target  the  coordinates  z,  y and  s are 
fixed  as  in  the  case  of  head-on  attack  considered  above. 

The  central  trajectory  and  the  target  oourae  - and  consequently  the 
relative  velocity  liiw  are  in  the  same  vertical  plane  (the  oomaon 
velocity  plane)  and  hence  the  an^es  p and  B are  both  sero,  idilla 
B M Tj  and  A ■ C. 
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The  final  aet-^  la  aahierad  I7  turning  the  target  fttn  the  aero 
poaitlon  throuj^  an  angle  A about  the  azla  ?Q. 

(o)  Oroaalng  target 

The  poaltiGina  of  the  target  oentre  and  the  li^xfc  aouroa  are  agdn 
fixed  aa  deaoribed  above.  The  orientation  of  the  target  oourae  la 
adileved  by  turning  the  target  fron  the  Xaro  poaitlon  throujG^  an 
angle  A about  the  azla  FQ  and  angle  B about  azla  OH  where  A and 
B are  given  by  equatlona  2 and  3 In  para.  3*2. 


3.  In  praotloe  the  given  data  will  not  alwaya  Include  the  reotangular 

Oarteaian  ooordlnatea  z,  y,  a of  the  buret  poaitlon  ezpUaltly’.^  and  it  aagr  be 
neoeaaary  to  derive  theae  parametara  from  tboae  of  another  ooox^inate  qnitai. 
The  eyetan  moat  likely  to  be  uaed  la  defined  by  ((  r,  a or  B,  a ebam 

^ a angle  between  the  oonaon  veloolty  planed  and  the  plane  oontalnlng  the 
line  and  the  buz%t  point  (aubaequently  rafhned  t6  aa  the  i plaxie) 


r m perpandloular  diataixse  tnm  tiie  burnt  point  to  the  T^.  line 


B a dlatanoe  between  the  target  oentre  and  the  burst  point,  at  the  iaatant 
of  burat 

a la  the  uaual  Oarteaian  oaordlnata  and  r*  v a*  a B*. 

If  la  defined  aa  the  angle  between  the  ya  plana  and  the  fseinon 
velocity  plane  then  the  angle  between  the  yz  plane  and  the  i plane  iM  f * 
the  algn  being  poaltlve  If  t and  ^ are  both  maaaurad  from  the  ya  plana  In  the 
same  direction.  (The  oaae  of  head-on  attack  la  oonaidareid  aeparately  lateen 
In  the  text). 

The  Oarteaian  ooordlnatea  of  the  point  r,  a are  therefore  given  by 
the  following  equatlonat 

X > r aln  (e  v 

y s r ooa  C#'  •»  , 

a a a. 


Xn  order  to  aolve  the  above  equationa  it  la  first  necesaazy  to 
oaloulate  e.  How  the  magnltudoa  of  the  ooa^oaents  of  the  target  velocity 
along  the  x,  y and  a axes  raq>eotlveily  aret- 

V aln  C aln 
T aln  0 00a 

and  V 008  0, 

frcn  Tig.  2 we  see  that  theaa  aagnltudas  may  bs  written  reepootively  aat- 

V eln  B, 

B 008  B Bin  A, 
and  n ooB  B ooa  A, 

so  that  B aln  0 sin  ■ B aln  B, 


* Ooanon  veloolty  planai  plane  containing  tha  targat  oourae, 
central  trajectory  and  line. 


and 


therafore 


17  Bln  0 ooB  f « 17  ooM  B Bin  A| 

tan  t ■ ? 

Bln  A 


4.  Tbt  targat  and  11|^  BaaaiihllaB  haaing  baan  aat  19  In  thslr  relAtlTB 

positlonB  tgr  mcrwantB  along  tha  x,  j and  m Kmmr  and  the  target  rotated  into 
the  oorraot  arientatlan,  tbiit  Hjnmiii  baaai*  liadtB  are  sat  on  tbo  optioal  head* 
Tha  light  head  ia  than  rotated  ahoufe  hr  the  ngla  S (aBBmlng  that  thia 
iBOTenent  be  posBihla)  and  than  ahnut  tha  bxIb  panllal  to  tha  x anLa  to  bring 
the  fonner  naraaniit  into  tha  onBaam  aiAoslI^  pinna  (i.a.  tfaroni^  tha  angle  fy 
B*  initially  parallel  to  tha  x aad^»  poaitioxu  nd  orlenta- 

tlons  of  the  light  head  and  target  aenr  rapreaent  tha  exeat  engagament  oonditlons 
at  the  instant  of  burst. 

To  alias  for  target  traxal  a awtbod  of  auaoaaaiTe  approocinatlon  ia 
uaed.  The  diatanoea  trarellad  hf  the  target  and  fragaent  are  in  tha  ratio  of 
their  -valooitiea,  Ty  ia  a funotion  of  diatanoa  but  the  ratio  l^^y 

nay  be  prerioualy  datarnined  aa  a fhnartian  of  diatanoa  of  firagnant  trmTal* 
giTia  a auLtabla  gpoelk  tha  oorreapimdlng  target  traral  ia  obtainaJUa  for  aqr 
glran  diatanoa  of  ftngnant  tranral.  The  method  ia  aa  foUouat 

(a)  Measure  the  diatanoa  betaaen  tha  light  aouroa  and  tha  osagponent  at 

the  instant  of  burnt  (altb  a pair  of  oalipera).  This  is  taken  an 
a first  approzimation  to  the  fragaent  trarel,  and  tha  oorreepondlng 
target  traaal  ia  obtained  from  the  paph. 

(b)  The  target  ia  mored  along  its  oourae  bgr  thia  amount. 

(o)  Measure  tha  diatanoa  betaaen ‘the  light  aouroe  and  tha  new  position 
of  the  oomponent  and  obtain  the  oort<BqE)onding  target  traaal* 

(d)  The  targpat  position  la  adjusted  so  that  its  dlstsnoe  from  the 
original  poeition  is  the  new  target  trarel  dlstanee. 

(a)  This  procedure  la  repeated  until  the  adjuetmant  of  the  targpet 
position  neoesasiy  ia  leas  thwi  six  inohea  full  aoale.  This 
should  not  recgulra  more  than  tao  settings,  unless  the  target 
YelooitT’  is  rezy  great. 

At  this  point  it  la  poesible  to  detezmine  whether  the  oomponent  la 
atzruoic  hy  fragnents  and  to  measure  its  dlstazxie  fTom  the  point  of  burst.  This 
prooeas  ia  repeated  for  all  vulnerable  oobponanta  likely  to  be  atznzok  and  the 
Infcmation  recorded  in  an  appropriate  table.  In  the  oaae  of  largge  ocagHineiztB. 
It  may  he  neoeeaazy  to  zaoozd  a range  of  dlatanoee  ocorreapondlzig  to  elementa  of 
the  oongponent. 


5.  Maasurement  of  eolld  angle  is  aohiaVed  on  thraa  soreena.  A.  B and  C 

peirpandioular  to  the  z.  y azid  a azaa  reapeotively.  Oharta  are  attaohed  to 
tha  A and  C aoraena.  oalibrated  in  a aeries  of  aoall  az'aaa  each  subtending 
the  ame  unit  of  solid  angLe  at  tha  li^  aouroe.  Mbveamiit  of  the  light 
souros  takes  plsos  In  the  y dlreotioD  only  (l.e.  parallal  to  those  two  sarsens) 
sad  for  evszy  displaosnsnt  of  tha  light  aouroe.  the  dierta  ere  moved  up  or 
dowB  the  saroans  oozrespondlngly. 


SBCSIEr 


13 


Calibration  of  the  B soraen  mm  not  praotloable  ainoo  the  perpen- 
dloultf  dlatanoa  betwen  the  light  eouroe  and  thla  eoraen  la  rarlable,  and 
the  alwa  and  dupea  of  tbe  areaa  aubtendlng  unlta  of  solid  angle  at  tlie 
11|^  aonroe  are  therefore  alao  mrlable.  It  naa  oonaequent3;f  nebeaBazy  to 
oalovlate  aeparately  tbe  solid  angle  subtended  by  tbe  portion  of  the  ahadoir 
diloh  falls  on  the  B aareeny  and  a method  far  4olng  ao  la  deaorlbed  beloir. 

5«1  Oallbratlon  of  the  eharta  for  tbe  A and  0 aareans 

Ihe  oallbratlon  of  the  oharta  depends  upon  tbe  orientation  of  the 
axis  of  the  beam  rd.atl7e  to  tbe  aoreena  and  tba  dlstaneea  betsean  tbe  aareena 
and  the  11^  aouroe,  and  la  moat  easily  achlered  by  first  oalibrating  a 
aoreen  shloh  la  perpendloular  to  the  azia  of  the  ocnea  and  then  projeotlng 
this  grid  Into  a aoreen  with  tbe  apeoified  orientation  and  at  tlm  desired  distance. 

Ihe  fragienta  from  a fimignanting  missile  are  pro jeoted  idthln  tbe 
region  betmeen  tso  oonea  of  aeadranglaB  9^  and  6,  idtb  ooianon  axis  along  the 
axis  of  tbe  mlaalle  (see  Vlg.  4).  and  9,  are  defined  as  the  beam  llndta  and 
6,  ~ 9^  as  the  sldth  of  tba  fraffaent  bean. 

If  the  bea  of  light  representing  the  traguoi  bean  is  throam  on  to 
a aoreen  wbloh  la  perpendloular  to  the  axis  of  tbs  oonea,  md  at  a dlatanoe 
X from  the  light  aouroe,  tbe  lllmdnated  area  oonsiata  of  the  region  between 
tsD  olr^B  of  radii  K tan  9^  and  X tan  9^  and  vlth  oonaon  oentre  on  tba  axla 
of  the  oonea.  For  a ohoaan  Tslue  X,  oonoantrio  olrolas  are  drawn  with 
radii  X tan  6 for  waluaa  of  9 at  Intervals  between  0 and  tbe  bl^iaat  9 
value  penaltted  by  the  diiMnsiona  of  tbe  aoreen,  ttaiu  indloating  the  boundaries 
of  the  areas  on  the  soreen  lAloh  are  Ulmninatad  by  besaa  of  various  widths. 

Tbe  aolld  angle  subtended  at  the  light  aouroe  by  the  area  between  two  olrdlea 
defined  Igr  9j,  and  dpt-i  la  given  by  2a(aos  6|r  - ooa  9x^)  where  9r  < <w. 

This  expresalon  la  evaluated  for  eaoh  pair  of  adjacent  olroles,  end 
the  area  divided  into  oonvenlent  tmlta  of  aolld  angle  by  seta  of  radii. 

Tbe  oallbratlon  of  any  otber  aoreen  oan  then  be  achieved  by  projec- 
ting the  above  grid  fTom  the  light  aouroe  into  the  required  plane;  a family  of 
oonio  sections  oorreaponding  to  the  oirolea  and  a set  of  oonourrent  straight 
lines  taking  tbe  place  of  the  radii.  Bach  diart  must  be  moved  up  and  down  its 
soreen  in  aynpatby  with  the  movoaent  of  the  ll^t  aouroe,  ao  that  the  point 
irtiiQh  la  the  projeotlon  of  tbe  oentre  of  the  alroQ.es  is  always  on  the  axis  of 
the  li^t  oonea. 

5.2  B aoreen  Caloulationa 


The  calculations  required  In  estimating  tbe  value  of  the  solid  angle 
subtended  at  the  ll^xt  source  by  the  shadow  on  the  B screen  involvea  a great  deaQ. 
of  oonputatlon,  and  it  baa  been  found  deairable  to  formulate  a method  of 
approodmation  for  obtaining  these  values.  Suoh  a method  neoeaaarlly  depends 
tpon  the  ipprosimatlons  which  may  be  made  under  the  conditions  of  tbs  partloular 
engagement  problas  In  quwation  and  alttaou^  tbs  method  desorlbed  below  has  been 
uaed  80  far.  It  nuy  need  to  be  adapted  in  future  work. 

The  outline  of  the  shadow  la  aketohed  on  paper,  on  idiloh  are  also 
marked  bean  an^ea  at  Bjr*’  Intervals  as  on  the  oallluated  oharta,  and  the  areaa 
of  shadow  between  adjaoent  beam  an^ea  are  laaaaured. 

If  I4  la  the  dlatanoe  between  the  light  eouroe  and  the  oentre  of  the 
shadow  in  the  ith  2|P  lone  between  adjaoent  bean  angles,  and  d la  the  perpen- 
dicular dlatanoe  of  the  light  aouroe-  from  the  B aoreen,  then  the  angle  6^^  betasen 
the  lines  along  lAloh  1^^  and  d are  measured  la  given  by 

ooa  9;^  m a/Xi. 


If  the  area  of  the  shadoir  falling  althln  the  1^^  lona  be  denoted  by 
then  the  solid  angle  subtended  by  Sj.  at  the  ll^t  souroe  la  approxlnately 


Si  ooa  Sj,  Si  d 


provided  that  Si  la  onall  oompared  idth  Hl* 

The  measurements  required  from  llie  simulator  are  therefcra  as  follows 

(l)  The  area  of  shadow  In  each  angular  acne, 

(U)  The  distances  of  the  llf^t  so\irae  from  the  oantre  of  the  shadow  In 
each  angular  aone, 

(Ui)  The  dlstanoe  of  the  light  souroe  tJrom  the  B semen* 

The  appropriate  groups  of  the  solid  angles  derived  as  above  are  then 
added  to  give  the  total  solid  ahgle  subtended  by  the  relevant  parts  of  the 
target  which  are  lUuslnated 'by  the  bean  widths  vmder  oonslderatlcn* 
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Beaorlptlon  of  the  Hark  2 Simulator 


1.  The  Haik  2 Blmulator  c«n  be  regarded  as  a re-design  of  the  Hark  1. 

Its  oonstruotlon  eaa  undertaken  bgr  the  HoUart  Xngineeriag  Co.  Ltd.,  Surbiton, 
and  should  be  oomplete  by  the  end  of  1953. 

Several  changes  in  detail  have  bean  made  from  the  Hark  1 simulator, 
among  whlcdi  arei- 

(a)  The  Cartesian  coordinate  eystao,  prsvlouslor  ohoaen  for  defining  the 

relative  position  of  the  target  and  the  burst  position  of  the 
projectile,  la  discarded  in  favour  of  the  qyllndbrlaal  polar  eyateei 
defined  In  paragraph  3.1. of  the  main  text.  This  step  has  bean 
taken  to  standardise  coordinate  qrstsDS  with  the  T.T.  fuse  burst 
pattern  model  scale  apparatus  wltbln  the  Inmnent  Design  BstablishoRnl^  i 
so  that  burst  pattern  data  can  be  transferred  dlreotljr  to  the  alnu-  | 

lator.  The  oi^llndrioal  polar  eystem  will  also  allow  suooesalve  I 

setting  of  many  different  burst  positions  with  the  mlnlansn  of  effort.  1 

Using  this  system  It  has  been  poaslble  to  substitute  one  rotational  | 

for  one  translational  setting,  vrlth  a consequent'  reduotlon  in  welglit 
and  space.  j 

(b)  The  s axis  of  the  simulator  is  vertloal  and  movement  In  r Is  horl—  { 

sontal.  No  long  cantilever  suspension  of  the  target  is  therefore 
neoesaary  and  the  oonsequent  loss  of  aoauraocT  is  avoided. 

(c)  Three  angular  rotations  of  the  target  are  possible  in  the  Hark  1 

apparatus,  the  two  moat  oonvanient  being  used  In  aigr  given  problesa. 

If,  however,  one  angular  setting  of  the  target  modal  Is  made  In  the 
common  velocity  plane  then  only  one  other  setting  need  be  used  to  I 
give  the  coireot  target  orientation.  This  latter  oooblnation  is 
the  one  adopted  for  the  Hark  2 simulator. 

The  derivation  of  these  two  settings  from  ajiy  method  of  specifying 
the  target  orientation  is  a simple  calculation. 

(d)  Measurement  of  solid  angle  is  obtained  by  oounting  the  number  of 

relevant  units  covered  by  the  shadow  of  the  ooo^unent  oonoemad  on 
a portion  of  graduated  glaas  sphere,  centre  the  ll{^t  aouroe. 


2.  A general  arrangement  of  the  elmulator  is  shown  In  Tig.  9.  The 

light  source  A,  which  la  secured  to  a oonorete  pier  B,  is  alnrllsr  in  prlnolple 
to  that  originally  designed  for  the  Hark  1 almulator.  It  oan  rotate  about  a 
vertloal  axis.  Tbs  azla  of  the  li{^t  aouroe  may  be  turned  fTom  the  vertical 
tfarouj^  the  angle  y in  order  to  allow  the  setting  of  the  angle  between  the 
mlsalle  axis  and  the  relative  tAooI^  line  (in  oaaes  where  the  relative 
velocity  line  la  dhoeen  on  tha  a szls)  y my  take  all  vuluaa  19  to  JCP, 

Notation  of  the  light  source  ie  power  operated  by  means  of  the  selqyn  motor  C 
which  la  run  from  a transmitter  D,  with  manual  control. 

I 

The  ihols  target  aaaembly  moves  in  the  r ooardlnate  dlrsottion 
along  horiaontal  bars  1,  the  movement  being  oontroUed  by  the  handle  F.  Tha 
I motion  is  oontroUed  by  the  handle  C,  and  vernier  soalaa  are  provided  for 
this  and  all  other  readings.  The  ooordlnate  ^ la  adjuatad  by  the  syiqpathetlo 
rotation  of  the  optloal  head  and  ths  targit  aasaobly  about  vertloal  axes,  the 
seliQU  motor  on  the  target  assembly  being  at  H. 

The  target  aircraft  fits  over  tha  tube  K,  and  two  rotationa,  one 
about  the  tube  and  the  other  throiifdi  the  bush  L,  provide  tlie  means  of  aetting  ' 
the  target  orientation.  Target  travel  is  measured  along  the  ttd>e  K. 
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A glass  quartsr  sphere  la  rotated  about  a borlsoctal  diameter 
through  the  light  souroe  in  such  a say  that  thrse  quarters  of  the  oonplete 
sphere  oan  be  represented.  This  quarter  sphere  is  oallbrated  In  units  of 
O.OQl  steradlana,  and  the  solid  anj^  subtended  bgr  az7  part  of  the  target 
aircraft  is  assessed  by  oounfclng  the  nusber  of  sudh  units  oovered  by  tbs 
shadow  oast. 


3.  It  will  be  appreciated  that  the  operation  of  the  Hark  2 simulator  is 

Blnllar  to  that  of  the  Mark  1,  and  the  differsnoes  mentioned  in  para  1 of  this 
Appendix  have  little  effect  on  the  general  sohens  of  working. 

The  apparatus  is  operated  by  first  setting  the  deviation  y of  the 
axis  of  the  optioal  head  from  the  s axis,  and  rotating  the  head  about  the 
vertical  axis  to  ensure  that  this  setting  is  made  in  the  vertical  plane 
oontalning  the  li|^t  souroe  and  tha  target  oentre.  The  target  direction 
of  fll^t  is  ttien  sat  in  this  plane  and  the  sel^yn  actors  activated  to 
obtain  synv&thetlo  rotation  of  the  optioal  head  aid  the  target  assembly  about 
their  respeotlve  vertical  axes. 

Tha  orientation  of  the  target  oourse  with  respect  to  the  s axis, 
asausing  the  latter  to  be  the  direotlon  of  relative  velocity  of  ndsaile  mi. 
target,  oan  be  obtained  byi 

(a)  rotation  of  the  aircraft  on  the  t\d>e  Z through  the  an^e  6, 

lAere  6 la  defined  by 

oot  6 s tan  d/sln  p 

(b)  rotation  of  the  assembly  throvigh  the  bush  L through  the  angle  ( ^ ^ y) . 

These  rotations  should  be  mads  in  the  above  order}  it  should  be 
understood  that  tbs  aero  position  of  the  plane  of  the  wings  of  the  target, 
from  whloh  the  setting  $ is  made,  is  vertical  and  perpendicular  to  t he  plioe 
oontalning  the  light  aouroe  and  the  target  oentre. 

The  polar  coordinates  of  the  point  of  burst  with  respect  to  the  target 
oentre  oan  then  be  set  on  the  simulator. 


I,.  Certain  oharaoterlatlos  of  the  apparatus  should  be  mentioned, 

idiloh  (before  any  operating  experlenoe  has  been  gained)  do  not  appear  to 
limit  the  use  of  the  simulator  undulyi 

(a)  due  to  the  position  of  the  quarter  sphere,  a value  of  r greater 

than  200  ft.  at  l/72  soale  oamot  be  obtainedi  this  is  unlikely 
to  be  a serious  limitation. 

(b)  values  of  s up  to  3^  ft.  below,  and  144  ft.  above,  the  ll^t  source 

oan  be  obtained  at  l/72  aoalet  this  is  likely  to  be  suffioient. 
Both  thla  range  and  that  in  (a)  above  oan  be  extended  by  change  of 
Boale. 

(o)  there  are  some  regions  with  r less  than  about  30  ft.  in  lixloh  the 
li(^  head  obstrucrts  the  target  support.  TMs  is  likely  to  affeot 
at  all  seriously  only  those  problems  involving  projection  of  frag* 
ments  within  a oone  of  aemi-an|^  2CP  forward  trm  the  missile. 

Suoh  regions  oan  be  adequately  represented  on  the  Mark  1 aimulator 
and,  it  is  hoped,  eventually  on  the  Mark  3. 
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(O)  tha  rug*  of  tha  an^a  6^  aad  6,  la  0 to  135**  maaaiired  ftrao  the 

foraard  azia-  of  tha  optioal  haadt  aome  flBall  aaiount  of  obacuratlon 
la  oaHaad  hr  aupporta  for  the  foraard  dlao  idiloh  la  removable, 

(a)  tha  limit  of  target  tramal  la  60  ft,  full  aoale  - thla  la  likely 
to  be  adequate. 
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Puiorlptlon  of  the  Mark  3 SdjmUjttor 


At  the  same  time  as  dlsouafllos)!  toolc  plaoe  regarding  the  oonatruotlon 
of  the  Mark  2 simulator,  a oontraot  mas  plaoed  arlth  the  General  Xlecrtrio  Conpai^ 
at  North  Vembley  to  investigate  methods  of  recording  automat ioalij'  the  solid 
angle  subtended  h7  the  ocnponbnta  of  the  airoraft  at  the  point  of  burst  of  the 
missile.  The  recording  of  solid  an^es  in  previous  models  vas  Judged  to  take 
the  major  part  of  the  operator  time,  and  uas  therefore  the  measurement  lAioh  it 
aas  most  desirable  to  make  automatio. 

An  apparatus  has  been  suggested  hy  the  G.B.O.  idiioh  in  praotioe 
replaoea  the  optical  head  and  the  sphere  in  the  Hark  2 simulator  and  ahloh  has 
been  assigned  the  name  OSAC  (optical  solid  angle  oounter) . It  is  envisaged 
that  the  OSAC  sill  be  mounted  in  a masnar  similar  to  the  optical  head  of  tbs 
Nark  2 simulator  and  that  the  ooordinate  eQrstem,^  and  the  possible  translations 
and  orientations,  mill  be  Identioal  with  those  of  the  Nark  2.  To  allcsr  close 
approach,  however,  it  la  likely  that  the  taz^et  assembly  will  be  supported  ftnm 
above  tgr  a suitable  frameecrk. 

The  design  of  the  OSAC  has  been  oonfizmad  as  suitable  >y  the  A*D.E. 
and  detailed  design  work  is  about  to  oonnenoe  (July  1953)  • Delivery  of  one 
prototype  is  anticipated  in  Jtme  1954*  and  the  design  of  the  necessary 
mechanloal  apparatus  to  provide  the  orientations  and  translations  will  be 
undertaken  by  the  NoUart  Engineering  Cce^any. 


2.  A block  diagram  of  the  design  of  the  OSAC  is  Acmn  to  Fig.  ID*  and 

generaJ.  arrangsment  drawings  in  Fig.  11.  The  ^paratus  pTOjeots  a nancsr 
parallel  beam  of  li^it  as  from  the  centre  (on  a rotating  minor  within  the 
turret  head),  of  an  imaginary  sphere,  this  centre  representing  the  position  of 
tlm  ndsslle.  The  beam  can  scan  the  region  of  sfpaoe  which  allows  the 

angles  and  6gto  have  any  values  between  0 and  135” > measured  from  the  uprard 
vertical  throuj^  the  turret  head.  The  cpparatue  ia  placed  to  the  correct  orien> 
tation  and  poaitlon  with  reepeot  to  the  target,  idilcb  ie  painted  matt  white. 
Beflectlon  from  the  target  when  atruok  by  the  light  beam  operates  a gate  cirouit 
(a  to  Fig.  10). 

A eoaU  sphere  (shown  in  the  left  hand  drawing  of  Fig.  ll)  baa  been 
indented  along  a ^iral  path  in  such  a way  that  the  untouched  surface  between 
Indantatlone  is  of  canstant  area  and  therefore  represents  a oonvsnlent  unit 
of  solid  angle.  On  to  this  sphere  is  directed  a second  beam  of  li^  and  the 
reflections  from  each  of  the  snail  areas  of  the  eurfaoe  of  the  sphere  may  be 
counted  on  en  eleotronlo  oounter.  The  ephere  mid  the  apparatus  producing 
the  counting  signal  may  be  rotated  in  au(^  a way  that  reflections  toom  all  the 
small  surface  areas  may  be  counted  in  euooesaion,  and  the  mirror  in  the  turret 
head  turns  so  that  the  original  bean  of  li^t  is  always  projected  in  the 
direction  normal  to  the  small  area  lUminated.  l^hie  llgbt  beam,  tbereforn 
passes  through  a unit  of  solid  angle  on  the  imaginary  sphere  oozresponding  to 
that  iUnninatad  on  the  real!  sphlve. 

As  the  oounter  ie  oantroUed  ly  tbs  gate  A,  counting  takes  place 
only  lAen  the  crlgiiial  li^  bean  etrikae  the  target  airoraft,  and  by  this 
measa  the  mmher  of  onall  surface  areas  tor  whidr  the  target  is  iUuBioatad 
may  be  recorded.  The  solid  ansA.e  subtandod  by  the  target  follows  ly  direot 
multipliostion  of  tois  umber  sad  tbs  mit  of  solid  angle  subtended  fay  the 
maall  areas. 

The  scan  of  ths  laagtnery  sphere  oaa  be  limited  fay  a devioe  whioh 
operates  gate  B to  Fig.  10,  and  allom  oomtlag  cmly  within  the  chosen  limits 
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64^  and  6g.  This  device  Is  shoim  as  the  prograDme  disc  assembly  in  ?lg.  31, 
which  also  shows  the  centre  of  the  Imaginary  sphere  in  the  turret  head. 

In  order  to  exclude  stray  li^t  during  operation,  the  simulator  is 
likely  to  be  enclosed  in  a lig^t  proof  screen,  fitted  with  suitable  interlocks 
fco*  Bwltohlng  general  lighting  inside.  In  order  to  alter  any  rotational  or 
translational  setting,  this  screen  must  be  opened  and  it  has  been  thought 
desirable  to  Investigate  remote  control  of  the  following  movements:- 

(a)  the  translations  in  the  z and  r directions, 

(b)  the  rotation 

(o)  the  target  travel  along  its  oourse. 

If  remote  control  of  these  movements  proves  difficult  or  expensive, 
it  may  be  desirable  to  limit  it  to  the  motion  in  the  z direction,  this  being  the 
most  used,  is  the  target  travel  varies  with  any  change  in  r,  ^ or  z,  remote 
control  of  any  one  of  the  coordinates  necessitates  remote  control  of  the 
target  travel  setting  to  make  it  worthwhile.  There  is  no  requirement  for 
remote  control  of  the  setting  of  6^  and  89,  as  this  is  occasional  only. 


3.  The  setting  of  the  simulator  with  regard  to  the  orientation  of 
the  OSAC  and  the  target,  and  the  polar  coordinates  of  the  position  of  burst 
of  the  missile,  are'  envisaged  as  being  exactly  as  for  the  Hark  2 simulator. 

The  likely  method  of  operation  is  to  make  the  setting  of  z last  and  to  run 
through  a series  of  positions  of  z keeping  r,  <f>  and  the  other  settings  fixed; 
the  other  coordinates  could  then  be  altered  in  turn  and  the  procedure  repeated. 

for  each  point  (r,  z)  set  on  the  simulator  the  solid  angle  subtended 
by  a particular  component  at  the  point  of  bicst  of  the  missile  can  be  assessed; 
individual  components  must  be  treated  separately,  owing  to  the  inability  of^^ 
OSAC  to  distinguish  between  them. 

Since  a zero  solid  angle  indicates  that  the  coinponent  is  not  struck 
by  the  fragnents  under  the  particular  conditions  concerned,  the  value  of 
solid  angle  provides  the  greater  part  of  the  Information  stated  as  required 
in  the  Introduction  to  the  main  text.  It  remains  to  determine  the  distance 
of  the  burst  from  the  ccmponents  struck.  This  can  be  measured  directly  by 
means  of  calipers. 

It  has  been  suggested,  however,  that  this  distance  can  be  calcu- 
lated directly  from  the  parameters  defining  the  engagonent,  and  that  the 
OSAC  should  be  regarded  only  as  a device  for  obtaining  values  of  solid  angles 
which  can  be  fed  into  a prograsmie  for  an  eleotronlo  computing  mcuihlne.  As 
the  solid  angle  is  the  only  quantity  «hich  does  not  lend  Itself  to  evsluation 
by  this  type  of  machine,  it  seems  logioal  that  the  Hark  3 simulator  should  be 
used  in  oonjunctlon  with  such  a machine,  and  this  method  of  \ue  will  be 
investigated. 

4.  The  following  charaoterlstios  of  the  Hark  3 simulator  relating  to 
the  OSIAC  have  been  laid  downi 

(a)  the  closest  approach  to  the  apparent  centre  of  the  OSAC  (the  rota- 

ting mirror  in  the  turxwt  head)  should  represent  10  feet  when  the 
scale  is  1/72. 

(b)  the  limits  of  the  setting  of  y on  the  OSAC  should  be  1 30°. 

(o)  rotation  of  the  OSAC  about  a vertical  axis  should  be  through  3^0° 
but  it  should  not  be  oontlnuoualy  rotatable.  This  was  laid  down 
to  avoid  slip  ring  oonneotions. 
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(d)  th0  llnitB  of  aettlng  of  9^  and  8,  alxould  bo  0 to  135°  meaaured  from 

the  foriMrd  azla  of  the  olaalle. 

(e)  the  linita  of  inaoauraq^  Of  neaflureDent  of  solid  angle  should  be  t 

on  an  area  of  300  square  feet  at  200  feet  full  soale.  This  inaoourapy 
inoreaaes  llnearijr  slth  deorease  of  area  at  a given  distance,  and 
decreasea  aa  the  square  of  deorease  of  distance  for  a given  area. 

(f)  the  cg'dl*  time  for  setting  and  scanning  should  not  be  more  than  one 

■inute;  faster  speeds  oagr  he  achieved  in  the  final  desi^i. 
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OPTICAL  HEAD. 
Mk.  I SIMULATOR. 


SCCRCT 


GENERAL  ARRANGEMENT  OF  MK.  U SIMULATOR. 
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